The purpose of this study was to determine the meal-and snack-eating frequency and the nutritional composition of each eating occasion of Canadian high-performance athletes during training. Athletes from 8 Canadian Sport Centres prospectively completed 3-d dietary records including all food, fluid, and supplements consumed. The time of consumption and whether the consumption was a meal or snack were also identified. The dietary records were analyzed for energy (kcal) and macronutrient intake (carbohydrate, protein, and fat) and compared based on gender, age, meal vs. snack, and training vs. rest days. Three hundred twenty-four athletic subjects (64% female and 36% male) completed the study. On average, the athletes ate 4.8 ± 0.8 times daily. Nearly all athletes consumed 3 daily meals of breakfast (98.9%), lunch (97.9%), and dinner (98.7%), with few having snacks: 57%, 71.6%, and 58.1% of athletes consumed an a.m., p.m., and evening snack, respectively. Training-day meal frequency did not differ from that during rest days; however, fewer snacks were consumed on rest days. A.m. and p.m. snacks were consumed significantly more often on training days than rest days. Overall, snacks contributed 24.3% of total daily energy intake. Few dietary variations were discovered between genders, while the youngest athletes (<18 yr) ate less often, especially their morning snack, than the older athletes. In conclusion, Canadian high-performance athletes self-adjusted their energy intakes on training vs. rest days primarily by snacking less and reducing their carbohydrate and protein intakes on rest days, yet they consistently ate regular meals.
.
Certain assumptions can be made regarding the eating patterns of athletes, including that they have higher total energy requirements than inactive individuals due to greater rates of energy expenditure, the thermic effect of activity, and increased resting metabolic rate related to differences in body composition, that is, greater muscle mass (ADA et al., 2009; Burke, 2001a; Burke & Deakin, 2010; Hawley & Burke, 1997; Rosenbloom, 2000) . It may also be assumed that to meet these additional energy demands, athletes generally eat more frequently by incorporating snacks between meals or increased energy density within meals compared with sedentary populations (Burke & Deakin, 2010; Hawley & Burke, 1997) .
Uncertainty over the advantages and disadvantages of eating frequently and the lack of precise recommendations from sport nutrition experts on this topic present a practical challenge for those who advise athletes about their daily dietary patterns during training and competition, especially if athletes wish to modify their body composition. Furthermore, regular monitoring of the occasions on which athletes consume meals and snacks has the potential to provide dietitians with important information regarding the patterns of meal and snack intakes to meet energy and macronutrient goals (on active and inactive days), as well as to assess the adequacy of pre-and postexercise intakes.
Therefore, the purpose of this study was to compare the eating frequency and the nutritional composition of each eating occasion of Canadian high-performance athletes on training versus rest days.
Methods
This study received ethical approval from the Conjoint Health Research Ethics Board of the University of Calgary, Calgary, Alberta, Canada. Male and female athletic subjects were recruited by dietitians from eight Canadian Sport Centres across Canada: Victoria, Vancouver, Calgary, Saskatchewan, Manitoba, Ontario, Quebec, and Atlantic (representing the Atlantic provinces). Approximately 2,800 athletes were affiliated with these Sport Centres, competing at national or international levels.
After athletes voluntarily completed consent forms, dietitians from each Sport Centre scheduled individual interviews or provided instructions during workshops on how to track food and supplement intake over a 3-day period. In an open-ended format, athletes indicated the time of day they consumed their food, fluids, and supplements on their food records such that specific meals and snacks were identifiable. The dietitians briefly reviewed the subjects' food records for clarity before submitting them for nutritional analysis.
Data were collected from November through April. Completed food records were forwarded to two dietitian research assistants (French and English speaking) who analyzed the raw data using Food Smart nutrition software (Version 2, Envision Health Networks Inc.). The subjects' food records were analyzed for energy and macro-(carbohydrate, protein, fat) and micronutrient (vitamins, minerals) intakes for each day, as well as for each meal and snack. Statistical analysis of the dietary intakes was performed using the Statistical Package for the Social Sciences version 19.0 (SPSS Inc., Chicago IL, USA).
Results for energy and macronutrient intakes are expressed as M ± SD. Comparisons of male versus female and training-versus rest-day intakes were performed using paired-samples t tests. Age categories were compared using one-way ANOVA with a Bonferroni post hoc test to determine which groups were different, if applicable. For daily intake related to type of meal/ snack according to gender, comparisons were made using general linear-model repeated-measures ANOVA with a Greenhouse-Geisser correction to correct for sphericity. The Wilcoxon signed-rank test was used to examine meal frequency on training versus rest days. A significance level of .05 was used for all types of statistical analyses.
Results

Athlete Characteristics
The demographics of the 324 athletic subjects who completed 3-day dietary logs are summarized in Table 1 and have been previously reported (Lun et al., 2009) . Unfortunately, there were insufficient numbers of athletes from each of the eight Canadian Sport Centres to compare results across centers, so data were pooled for analysis based on age and gender. There were more females (n = 201) than males (n = 114), and both height and weight but not age (M = 20.6 ± 5.4 years) differed between genders (p < .001, p < .001, respectively), with 78% of 
Dietary Analysis
Energy and macronutrient intake are presented in Table  2 , where each day of each athlete's intake was included in the data for analysis, rather than assessing the average of 3 days of intake for each athlete. Dietary intake in the current study included any supplements consumed. Males had significantly higher caloric intake (p < .001), as well as higher absolute intake of protein (p < .001), fat (p < .001), and carbohydrates (p < .001) per day and more protein on a g · kg -1 · day -1 body-weight basis, than females, p < .001 (Table 2 ). Athletes in the youngest age category had a lower caloric (p < .001), fat (p < .001), and protein intake (p < .001) than the older groups.
Training Versus Rest Days
As seen in Table 2 , the athletes consumed significantly more energy on training days than on rest days, p = .002. Their diets were significantly lower in protein (g/day, p = .002, g · kg -1 · day -1 , p = .002) and carbohydrates (g/ day, p < .001, g · kg -1 · day -1 , p = .001, %TEI, p = .039) yet proportionately higher in fat (%TEI, p = .008) on rest days. Daily energy and macronutrient intake, according to eating occasion for females and males, is shown in Tables  3 and 4 . Statistical analysis was completed within and not between genders. The trends in meal patterns for males and females were similar.
For female athletes, energy intakes from the three main meals were significantly different from each other (p < .001) and from each of the three snacking occasions, p < .001 (Table 3) . Their afternoon p.m. snack provided significantly more energy (p < .001) and macronutrient content than the a.m. (p < .001) and evening snacks (p < .001). Dinner contained the most calories (p < .001), with significantly more energy from protein (p < .001) and fat (p < .001) than all the other eating opportunities. Morning and evening snacks contained the least energy (p < .001) and macronutrient content (p < .001).
Similarly, energy intake across the meals consumed by male athletes was also statistically different, p < .001 (Table 4) . For males, however, although the p.m. snack contained the highest energy of the three snacks, it was not significantly different from the a.m. snack. Similar to females, the largest source of energy for males was from the dinner meal, which had significantly more protein than the breakfast and lunch meals (p < .001).
Daily meal frequency was calculated as an average of whether a meal was consumed at each opportunity (i.e., three main meals, three snacks; Table 5 ). Overall frequency of eating occasions was significantly greater on training days than rest days (p < .001), as was snack consumption (p < .001) but not the number of average meals daily. Although both males and females had fewer eating occasions on rest days than on training days, there were no significant differences between males and females for any of the total eating frequencies, snack, or daily meal intakes. Athletes age ≤18 years ate less often on training days (p = .001), eating both fewer meals (p = .013) and snacks (p = .005) than their older counterparts. There were no significant differences between genders or among age groups for eating frequency on rest compared with training days.
Nearly all athletes consumed the three daily meals of breakfast (98.9% ± 7.1%), lunch (97.9% ± 9.2%), and dinner (98.7% ± 7.5%), as shown in Table 6 . The percentage of athletes who consumed meals on training day did not differ from the eating frequencies observed on rest days. Overall, afternoon snacking was more common than either morning or evening snacks, but a.m. and p.m. snacks were consumed significantly more often on training days than rest days (p < .001 and p < .001, respectively), while evening snacking consumption was similar.
The contribution of each meal occasion expressed as a percentage of TEI for all subjects by gender and age category is shown in Figure 1 . Breakfast ranged from 19.5% to 20.7% of daily energy intake, a.m. snack 5.2-8.2%, lunch 24.6-26.3%, p.m. snack 9.2-12.0%, dinner 29.5-31.6%, and evening snack 6.2-7.2%. The only significant difference observed in the meal/snack analyses by %TEI was that fewer calories were consumed in the a.m. snacks by the ≤18 age group than by the 19-to 24-year age group, p = .003.
Discussion
This study is the first to examine eating frequencies and the composition of these eating occasions of Canadian high-performance athletes. Furthermore, there are few comparable international studies of this nature (Burke et al., 2003; Butterworth et al., 1994; Nogueira & DaCosta, 2004 ) that encompass as many diverse sports and include both genders. In this study, subjects self-reported their food and fluid intake over a 3-day period in which they physically trained at least 2 of the 3 days. An overwhelming majority ate three daily meals, yet they self-adjusted their intakes by eating less, primarily with fewer snacks, and by reducing carbohydrate and protein intakes on rest versus training days.
As previously reported for these subjects, the dietary intakes of micronutrients exceeded Recommended Daily Intakes (RDI) with and without supplements, while their energy intakes were found to be on average 300 kcal lower than estimated requirements (Lun et al., 2009) . Of all micronutrients, only the females were found to have low vitamin D intakes.
Low energy intakes, as seen in this study (females 2,391 ± 719 kcal/day, males 3,055 ± 947 kcal/day) are not uncommon among athletes (de Sousa et al., 2008; Farajian .001 55 ± 9 † 53 ± 11 † .039
Note. TEI = total energy intake. Values within age categories with different superscripts are significantly different (p values shown) using 1-way ANOVA with Bonferroni post hoc test to determine differences. *Significant difference between males and females using independent t tests (p values shown). †Significant difference between training days and rest days using paired-samples test (p values shown). (Burke, 2001a) . A recent study of female and male Canadians age 12-19 years from the general population reported average caloric intakes of 2,047 kcal/day and 2,806 kcal/day, respectively. It has been estimated that older (20-39 years) female Canadians consumed 1,899 kcal/day, and males, 2,660 kcal/day (Statistics Canada, 2004) . Compared with current sport nutrition recommendations (ADA et al., 2009) , subjects in the current study were not meeting recommended intakes of carbohydrates relative to body weight (i.e., they consumed <6 g · kg -1 · day -1 ) yet exceeded athletic requirements for protein. These findings are consistent with other athletic populations (Farajian et al., 2004; Juzwiak et al., 2008 , Paschoal & Amancio, 2004 , especially females (Burke et al., 2003; Clark et al., 2003; Jonnalagadda et al., 2004; Nogueira & DaCosta, 2004; Petersen et al., 2006) . However, specific carbohydrate requirements vary based on the type, volume, and intensity of training undertaken, so individual assessment of carbohydrate intakes relative to requirements would be advantageous.
Gender and Food Patterns
Almost all the athletes consumed three meals and approximately two snacks daily. In this study, males consumed significantly more food energy and grams of fat, protein, and carbohydrate than did females. In relation, both genders consumed their greatest source of food energy in their evening meal and afternoon snack, with the lowest meal energy intake at breakfast. Several studies have observed similar findings with the evening meal (Butterworth et al., 1994; Leblanc et al., 2002; Ziegler et al., 2002) , while other investigations (Garcia-Roves, Fernandez, et al., 2000; Nogueira & DaCosta, 2004) have found the midday meal to be the greatest source of food energy. We did not examine the time of day when athletes exercised relative to their meal and snack intake, so assessment of their exercise-recovery nutrition practices could not be undertaken.
Approximately one quarter of the athletes' TEI (24.3%) came from snacking, regardless of gender, which is consistent with other findings ± 4% in athletic groups (Burke et al., 2003; Butterworth et al., 1994; Nogueira & DaCosta, 2004; Ziegler et al., 2002) . Males consumed the least energy in their evening snack, while the smallest snack for females was in the morning. The %TEI derived from snacking in our study was a little lower than what has been observed in the general Canadian population-snacks made up 28-30% of TEI for males and females age 14-18 years and 26-27% of TEI for 19-to 30-year-olds (Statistics Canada, 2004) . In comparison, van Erp-Baart et al. (1989) examined the intakes of 419 athletes and determined that 32-37% of their TEI came from snacking. Leblanc et al. (2002) suggested that athletes divide their TEI meal pattern in a specific manner (i.e., breakfast 25%, lunch 45%, dinner 30%, with all snacks combined <10%), yet to date there is no sport nutrition consensus statement regarding eating occasions or composition of each meal/snack, with the exception of recommendations Average number of snacks/day 1.9 ± 0.7 2.0 ± 0.7* 1.5 ± 1.0* <.001 males 1.9 ± 0.8 2.0 ± 0.8 1.6 ± 1.0 females 1.9 ± 0.7 1.9 ± 0.7 1.5 ± 1.0 p = .649 p = .525 p = .570 ≤18 years 1.7 ± 0.7 a 1.8 ± 0.8 a 1.4 ± 0.9 19-24 years 2.0 ± 0.7 b 2.1 ± 0.7 b 1.6 ± 1.1 ≥25 years 2.0 ± 0.8 ab 2.1 ± 0.8 b 1.6 ± 1.1 p = .005 p = .002 p = .679
Note. Out of a possible 6 total eating opportunities each day (3 meals, 3 snacks). Statistics done using 1-way ANOVA with Bonferroni post hoc test to determine differences between age categories and genders. Values within a column with different superscripts are significantly different (p values shown above data). *Values within a row are significantly different for training days vs. rest days (p values shown in separate column). Note. Average of 3-day frequency of meals/snacks consumed.
*Statistical difference between training and rest days for a given meal occasion (p values shown) using Wilcoxon signed-rank test.
for pre-and postexercise nutrition (ADA et al., 2009; Burke, 2001a; Burke & Deakin, 2010; Hawley & Burke, 1997; Houtkooper et al., 2007; Ivy, 2001; Jentjens & Jeukendrup, 2003 , Kerksick et al., 2008 Ziegler et al., 2002) . In this current study the overall amount of energy derived from snacks was ~641 kcal/day, with males consuming more energy-dense snacks than females did.
Variations by Age
Athletes younger than 19 consumed the least total energy (yet they are physiologically maturing), ate less often (especially the morning snack), and consumed less fat and protein but were found to have higher carbohydrate intakes based on %TEI. It is possible that young athletes are least likely to exercise in the morning and therefore may not eat as much during the day when they are in school. Conversely, compared with the youngest age group, the 19-to 24-year-old athletes had a higher energy intake in their morning snack, potentially as part of their recovery nutrition. In comparison, Americans in the general population have been shown to consume snacks with 472 and 496 kcal/day for those >19 years old and 2-to 18-year-olds, respectively (Popkin & Duffey, 2010) , which is substantially fewer calories than observed in this current study (i.e., 585-730 kcal/day). For several reasons it may be advantageous for athletes to eat frequently throughout the day, rather than just eating three daily meals. Dispersion of TEI into several eating opportunities may help minimize gastrointestinal upset that has been associated with large, infrequent feeds (Burke, 2001a; Burke & Deakin, 2010; Ziegler et al., 2002) . Since athletes generally require more food energy than inactive individuals do, frequent feeds may allow them to meet their daily energy needs (ADA et al., 2009; Burke, 2001a; Burke & Deakin, 2010; Hawley & Burke, 1997; Ziegler et al., 2002) . Frequent eating by athletes may also contribute to improved dietary quality and food variety (Burke, 2001a; Gatenby, 1997; Ziegler et al., 2002) . As a result of eating often, athletes may be more likely to maintain euglycemia required for physical training and competitions, especially when they are in heavy training or engage in multiple daily workouts (ADA et al., 2009; Burke & Deakin, 2010) . In regard to weight control, it is inconclusive whether snacking between meals leads to or helps manage overweight/ obesity (ADA et al., 2009; Burke, 2001a; Chapelot, 2011; Choi et al., 2012; Drummond, Crombie, Cursiter, & Kirk, 1998; Keast, Nicklass, & O'Neil, 2010; Louis-Sylvestre, Lluch, Neant, & Blundell, 2003; Pollitt, 1995) .
Training Versus Rest Days
In the current study, subjects self-adjusted their eating frequencies on training days, in that they ate approximately half a snack more than on rest days, though there were no differences with reported meal frequencies on rest versus training days. These findings were consistent regardless of gender or age. Primarily the morning snack was omitted on inactive days. The athletes also reduced their reported energy intake on their rest days compared with their training days, primarily by reducing their protein and carbohydrate consumption. These findings are in contrast to those of Vogt et al. (2005) , who found no differences in the energy intake of professional cyclists between rest and training days during a 6-day training camp.
Limitations
This study did not examine the time of day when subjects trained, nor was the number of training sessions per day assessed. This additional information may be helpful to evaluate athletes' intakes before and after exercise. Self-reported dietary intakes have their limitations but are practical when acquiring data from a large number of subjects across multiple national centers. Inclusion of comparable, nonathletic control subjects may have resulted in additional unique observations. Furthermore, information on whether athletes, particularly those <18 years of age, were living independently was not collected Figure 1 -Breakdown of % total energy intake (TEI) for athletes by gender and age category. *Significant difference (p = .003) between 18-and-under and 19-24 age categories for a.m. snack (5.2% TEI vs. 8.2% TEI) using one-way ANOVA with Bonferroni post hoc test to determine differences. but could potentially have influenced the composition and frequency of meals.
Practical Application
This study demonstrates that the majority of elite Canadian athletes in this study ate often and consumed more energy on training versus rest days, which could be in part related to their body composition and the thermic effect of exercise, as well as their energy and nutrient requirements (ADA et al., 2009; Burke, 2001a; Burke & Deakin, 2010; Gatenby, 1997; Hawley & Burke, 1997; Rosenbloom, 2000) . Almost all subjects consumed three meals daily and self-adjusted their diet on rest days. Younger athletes need to be encouraged to eat often and include energy-dense snacks, especially in the morning. High-performance athletes need to be educated about their physiological requirements for carbohydrates with practical meal and snack suggestions to support their individual energy needs relative to their training (i.e., exercise volume, frequency, and intensity). Knowledge of athletes' eating patterns is essential to effectively advise them about their dietary intake, especially in regard to their pre-and postexercise nutrition. This study may help establish eating-pattern guidelines and recommendations for athletic populations. Those doing subsequent research may want to investigate the justification for snacking among athletes, aside from hunger.
